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1
CHARACTER RECOGNITION METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a character recognition
method, in particular to an on-line handwritten character
recognition method for recognizing characters written by

hand.

2. Relevant Art

Conventionally on-line handwritten character recognition
methods can be classified into pattern matching methods and
structural analysis methods.

The pattern matching method conducts recognition based
on the sum of distances between respective strokes wherein
coordinates are assigned to each stroke comprising an input
character and template (See Odaka, K. et al., “Stroke order
free on-line handwritten character recognition algorithm”;
The Journal of the Institute of Electronics. Information and
Communication Engineered; Vol. J65-D, No. 6. pp. 679-686
(1982)). However. in this method, disadvantages exist in
that, with regard to input characters that are largely distorted,
the distance between the correct template is greater than the
distance from another template, hence a large number of
templates must be provided in order to account for various
character distortions.

On the other hand, the structural analysis method con-
ducts recognition based on the relative positional relation-
ships between respective strokes comprising an input char-
acter and template (See Ishii,Yasuo; “Positional stability of
stroke representative points of online handwritten kanji
characters”; The Journal of the Institute of Electronics,
Information and Communication Engineered; Vol. J68-D.
No. 12, pp. 2107-2115 (1985)). This method also presents
problems in that although certain (kanji} characters possess
different character styles, these differing characters are
more-or-less identified as the same character by means of the
aforementioned relative positional relationships between
strokes.

In addition, in both of the aforementioned methods. it is
necessary to conduct some type of normalization processing
in order to cope with the magnification, reduction and/or
rotation of the handwritten characters. This processing
greatly influences the success or failure of the character

recognition.
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a handwritten character recognition method which
can process large distortions of handwritten characters using
only one template, and recognize handwritten characters
without being affected by the magnification, reduction and/
or rotation of the handwritten characters.

Therefore, the present invention provides a handwritten
character recognition method for recognizing a handwritten
input character by comparing said handwritten input char-
acter with a plurality of templates corresponding to a plu-
rality of various types of characters based on time series
information of points characterizing each stroke of said
handwritten input character formed from at least one stroke,
said handwritten character recognition method comprising
the steps of:

expressing time series information of said points charac-
terizing each stroke as points in a coordinate system;

forming a plurality of straight lines connecting points
within said coordinate system corresponding to the points
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2

characterizing a stroke of said handwritten input character,
and points within said coordinate system corresponding to
the points characterizing another stroke of said handwritten
input character, and expressing a shape for said handwritten
input character by means of a matrix consisting of elements
comprising a quantity calculated from a relative angle
formed by means of said plurality of straight lines;

forming a plurality of straight lines connecting points
within said coordinate system corresponding to the points
characterizing a stroke of each of a plurality of templates,
and points within said coordinate system corresponding to
the points characterizing said stroke or another stroke, and
expressing a shape for each of said templates by means of a
matrix consisting of elements comprising a quantity calcu-
lated from a relative angle formed by means of said plurality
of straight lines;

calculating a distance between said handwritten input
character and cach of said plurality of templates using said
matrix expressing a shape for said handwritten input
character, and said matrix expressing a shape for each
template; and

designating a character corresponding to a template
selected based on said distance, as a recognition result of
said handwritten input character.

According to the aforementioned handwritten character
recognition method. a plurality of straight lines conrnecting
the points characterizing a stroke of the handwritten char-
acter and other points are formed, and the shape of the
handwritten character is then expressed by means of a
matrix consisting of elements comprising a quantity calcu-
lated from a relative angle formed from these plurality of
straight lines. In addition, in the same manner, a plurality of
straight lines connecting the points characterizing a stroke of
the template and other points are formed, and the shape of
the template is then expressed by means of a matrix con-

sisting of elements comprising a quantity calculated from a
relative angle formed from these plurality of straight lines.

The distance between the aforementioned handwritten char-
acter and template is then calculated using the above matri-
ces of the handwritten character and template, and the
character corresponding to the template of the smallest
distance is selected as the recognition result of the afore-
mentioned handwritten character.

In this manner, modifications of handwritten characters in
which the stroke order and number of strokes are correct,

can be handled using only one template. Therefore. it is
possible to reduce both the recognition time, as well as the
quantity of templates required for comparison with the
handwritten inputted character. and also conduct recognition
processing of these characters without being affected by

magnification, reduction and/or rotation therein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart showing an input process of a
handwritten character recognition method according to a
First Embodiment of the present invention.

FIG. 2 is a fiowchart showing a recognition process of a
handwritten character recognition method according to a
First Embodiment of the present invention.

FIG. 3A) to FIG. D) are diagrams showing points in
displacement coordinate system. interpolation, trajectory
division and matrix clements at the time of handwritten

input of the Japanese symbol “\»" according to a First
Embodiment of the present invention.

FIG. 4(A) to FIG. 4(D) are diagrams showing points in
velocity coordinate system., interpolation., trajectory division
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and matrix elements at the time of handwritten input of the

Japanese symbol “4” according to a Second Embodiment
of the present invention.

FIG. 5(A) to FIG. 5(D) are diagrams showing points in
acceleration coordinate system. interpolation, trajectory
division and matrix elements at the time of handwritten

input of the Japanese symbol “\+” according to a Third
Embodiment of the present invention.

FIG. 6 is a flowchart showing a recognition process of a
handwritten character recognition method according to a
Fourth Embodiment of the present invention.

FIG. 7 is a flowchart showing a comparison procedure of
the handwritten input character with each template.

FIG. 8 is a flowchart showing a procedure for calculating
distance by means of vectors.

FIG. 9 is a flowchart showing a procedure for calculating
distance by means of matrices.

FIG. 16(A) to FIG. 10(C) are diagrams showing interpo-
lation and stroke division of the letter “G”.

FIG. 11 is a diagram showing a calculation example of
vector elements of a letter “G™.

FIG. 12(A) to FIG. 12(D) are diagrams showing a calcu-
lation example of matrix elements of a letter “G”.

FIG. 13 is a diagram showing a calculation example of
matrix clements of a letter “C”.

FIG. 14 is a diagram showing a template for a letter “G”.

FIG. 15 is a diagram showing first stroke order informa-
tion of a template for a letter “G”.

FIG. 16 is a diagram showing second stroke order infor-
mation of a template for a letter “G”.

FIG. 17 is a diagram showing handwritten input of a letter
“G” in a handwritten character recognition method accord-
ing to a Fourth Embodiment of the present invention.

FIG. 18(A) to FIG. 18(C) are diagrams showing a com-
bination of a stroke order and connection positions when a
letter “G” is written by means of two strokes.

DETAILED DESCRIPTION OF THE
INVENTION

In the following, the embodiments of the present inven-
tion will be explained with reference to the figures.
First Embodiment

The First Embodiment of the present invention will be
explained with reference to FIGS. 1, 2 and 3.

FIG. 1 is a flowchart showing an input process of a
handwritten character recognition method according to a
First Embodiment of the present invention; FIG. 2 is a
flowchart showing the recognition process of the aforemen-
tioned; and FIG. 3 is a diagram showing points which
represent the horizontal and vertical components of the
displacement of the pen tip moving along each stroke.
interpolation, stroke division and matrix elements €2 at the

time of handwritten input of the Japanese symbol “\\”.

The input process of the handwritten character recogni-
tion method according to present embodiment will now be
explained based on FIG. 1.

The input process commences along with the assignment
of stroke number n=1 (step 101). and handwritten input of
the nth stroke of a character is conducted using a tablet
digitizer or the like (step 102). This character is designated
as Cx. The pen for use in handwritten input can detect
whether or not the tip therein (pen tip) is in contact with the
tablet digitizer (step 103). In the state where the pen tip is in
contact with the tablet digitizer, the horizontal and vertical
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displacement of the pen tip are recorded as the time
sequence information of the nth stroke (step 104). Measure-
ment of the non-contact time r commences from the time
point when the pen tip separates from the tablet digitizer
(steps 105-107). This non-contact time r is then compared
with a preset value R (step 108). and when the non-contact
time r exceeds this preset value R. handwritten input of all
strokes of the above character is completed. and the recog-
nition process commences. In the case when the pen tip
comes back into contact with the tablet digitizer while the
non-contact time r does not exceed preset value R, hand-
written input of the n+] stroke commences, and input
processing continues (steps 108, 106,109).

The recognition process of the handwritten character
recognition method according to present embodiment will
now be explained based on FIG. 2.

Initially, the neighboring points of each respective stroke
recorded above are connected using straight lines and the
intervals between stroke points therein are interpolated using
broken lines (step 201). Subsequently. the broken lines
resembling each stroke are equally divided into k (k=1)
broken lines, and numbers are assigned to each division
point, i.e., 1, 2. ..., k+1 (1 is the stroke origin; k+1 is the
end of the stroke) according to the time sequence of the
points (step 202). A (k+1)N rowxkN column (N is the
number of strokes) matrix P consisting of elements is
calculated, wherein the elements of row {(k+1){n—-1)+} and
column {k(m—1+j} comprise an angle ) formed by means
of the straight line joining division point i of stroke n and
division point j of stroke m, and the straight line joining
division point i of stroke n and division point j+1 of stroke
m (step 203).

The distance di (i=1. . . . . M) between the inputted
handwritten character Cx and M templates Qi (i=1.... , M)
corresponding to the respective characters possessing the
same number of strokes is calculated as the sum of the
squares of each element of matrix P-Qi (step 204). This sum
of the square is calculated by means of taking either the sum
of the squares of all elements of matrix P-Qi, or taking the
sum of the squares of a specific portion of the above matrix
(e.g., the portion of elements calculated from the straight
line connecting a division point of stroke n and a division
point of stroke n+1).

The character Cz corresponding to the template Qz with
the smallest distance dz is then selected as the recognition
result (step 205). If other characters for recognition exist, the

procedure returns to step 101, and the above-described steps
are repeated (step 200).

FIG. 3 is a diagram showing points which represent the
horizontal and vertical components of the displacement of
the pen tip moving along each stroke, interpolation, stroke
division and matrix elements €2 at the time of handwritten

input of the Japanese symbol “\” according to the afore-
mentioned input and recognition processes. Each point
shown in FIG. 3(A) indicates the horizontal and vertical
displacement of the pen tip recorded in the input process of
FIG. 1. Neighboring points are connected by straight lines,
and broken line interpolation of the intervals between the
recorded points therein is then conducted. as shown in FIG.
3(B). Subsequently, broken lines resembling each stroke are
divided into four equivalent portions. and the numbers 1, 2.
3.4, 5 are assigned to the respective division points accord-

ing to the time sequence of the points forming each stroke,
as shown in FIG. 3(C). In the present embodiment, N=2,

k=4, n=1, and m=2, thus a 10x8 matrix P consisting of
elements is calculated, wherein the element of the row i and
column (4+j) comprises the angle () formed by means of the
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straight line joining division point i (i=1-5) of stroke n and
division point j (j=1-4) of stroke m, and the straight line
joining division point i of stroke n and division point j+1 of
stroke m. The angle Q shown in FIG. D) comprises i=2,
=3, and thus indicates the element of row 2, column 7 of
matrix P.

In this manner, the shape of a character is expressed by
means of a matrix consisting of elements comprising a
quantity calculated from a relative angle between respective
strokes, thus the recognition process can be performed free
of any influence from the size and/or direction of the
handwritten inputted character.

Second Embodiment

In the following, the Second Embodiment of the present
invention will be explained. Instead of the displacement
coordinate system used in the First Embodiment, the Second
Embodiment utilizes a velocity coordinate system where a
coordinate represents horizontal and vertical components of
the velocity of the pen tip moving along ecach stroke.
Consequently. in step 104 of the input process shown in FIG.
1, recording of the horizontal and vertical components of the
velocity of the pen tip serves as the only difference from the
First Embodiment.

FIG. 4 is a diagram showing points representing the
horizontal and vertical components of the velocity,
interpolation. trajectory division and matrix elements £2

when the Japanese symbol “y\” shown in FIG. 3 is hand-
written as an input character.

The points shown in FIG. 4(A) indicate the recorded
points in the velocity coordinate system. The point at the
origin of this velocity coordinate system corresponds to the
point of the velocity coordinate system at the first stroke
point. The curved line in which the last three values of the

vertical coordinate are positive represents the trajectory of

the left side stroke (n=1) of the Japanese symbol “t»”; while
the other curved line represents the trajectory of the right

side stroke (n=2) of the Japanese symbol “ v . FIGS. 4B),
(C) and (D) respectively correspond to FIGS. 3(B). (C) and
(D), thus their explanations will be omitted.
Third Embodiment

In the following, the Third Embodiment of the present
invention will be explained. Instead of the displacement
coordinate system used in the First Embodiment, the Third
Embodiment utilizes an acceleration coordinate system
where a coordinate represents horizontal and vertical com-
ponents of the acceleration of the pen tip moving along each
stroke. Consequently, in step 104 of the input process shown
in FIG. 1, recording of the horizontal and vertical compo-
nents of the acceleration of the pen tip serves as the only
difference from the First Embodiment.

FIG. 5 is a diagram showing points which represent the
horizontal and vertical components of the acceleration,
interpolation, trajectory division and matrix elements £2

when the Japanese symbol “4 V" shown in FIG. 3. is hand-
written as an input character. The points shown in FIG. S(A)
indicate the recorded points in the acceleration coordinate
system. The point closest to the origin of this acceleration
coordinate system corresponds to the point of the accelera-
tion coordinate system at the first stroke point. The curved
line in which all values of the vertical coordinate are positive
represents the trajectory of the left side stroke (n=1) of the

Japanese symbol “\\7; while the other curved line repre-
sents the trajectory of the right side stroke (n=2) of the

Japanese symbol “W\W”. FIGS. 5(B). (C) and (D) respectively

correspond to FIGS. 3(B). (C) and (D), thus their explana-
tions will be omitted.
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Furthermore, methods for detecting velocity and accel-
eration of the pen tip include a method in which a sensor 1s
provided in the pen (velocity sensor and acceleration
sensor), and an arithmetic calculation method for the above.
In addition, in FIGS. 3(C), 4(C) and $(C) of the aforemen-
tioned First, Second and Third Embodiments, the broken
lines resembling each trajectory are equally divided into four
segments. However, the above embodiments are not limited
to these examples, as long as the number of divisions and
method of division correspond to a given template. In the
same manner, angle €2 which comprises elements of matrix
P is designated above as being formed by means of the
straight line joining division point i (i=1. 2. . . . . k+1) of
stroke n and division point j (j=1, 2, . . . . k) of stroke m. and
the straight line joining division point i of stroke n and
division point j+1 of stroke m. However, as long as this
angle corresponds to a template, it is also possible for this
angle to comprise the angle formed by means of the straight
line joining division point i (i=1. 2.. .., k+1) of stroke n and

division point j (j=1.2. . . . . k) of stroke m, and the straight
line joining division point i of stroke n and division point h
of stroke m (h=1, 2, ..., k; however h#j),

Fourth Embodiment

In the following, the Fourth Embodiment of the present
invention will be explained. FIGS. 6, 7. 8 and 9 are diagrams
showing the procedural flow of the handwritten character
recognition method according to the present embodiment.

The overall flow of the aforementioned will first be
explained according to FIG. 7. Initially, the coordinates of
the points forming each stroke of an input character of N
strokes as measured by a tablet digitizer or the like is
inputted (step 301). After interpolating the coordinates of the
points forming each stroke by means of a broken line (step
302), this interpolated broken line is equally divided into k
number of sections (step 303). Vector a and matrix A are then
calculated using the coordinates of the division points (step
304).

An explanation of each process in the aforementioned
steps 301-304 will now be explained using the example
when the letter “G” is handwritten.

The points shown in FIG. 10(A) are the coordinates of the
measured points forming the input character. As shown in
FIG. 1(B). necighboring points are then connected by
straight lines, and broken line interpolation is conducted.
Subsequently, as shown in FIG. 10((), the broken lines
resembling each stroke are then equally divided into k (in
FIG. 16(C), k=4) sections. and numbers arc appropriately
assigned to each division point (1 is the stroke origin; k+1
is the end of the stroke) according to the time sequence of
the points (the aforementioned are steps 301-303).

In step 304. vector a of the handwritten inputted letter
“G”,. as shown in FIG. 11, is calculated as an (2ZN-1)
dimensional vector comprising the elements of L1/(L1+1.2+
L3), L2ZAL1+1L.2H.3) and L3/(L1+1L.24L3). wherein .1 1s the
length of the first stroke (indicated by a solid line in FIG. 11).
.2 is the distance between the end of the first stroke and the
origin of the second stroke (indicated by a dotted line in FIG.
11), and 1.3 is the length of the second stroke (indicated by
a solid line in FIG. 11): each of the aforementioned lengths
is divided by L1+1.24+1.3 to produce the above elements.

Subsequently. matrix A which is obtained in step 304, is
calculated as a (k+1)N row, kN column matrix consisting of
the components of row (k+1)(n—1)+i and column k(m-1)+
comprising the angle €2 formed by means of a straight line

joining the di division point i of stroke n and division point

65 ] of stroke m, as shown in FIG. 12.

For example. in the case of FIG. 12, the input letter “G”
in which N=2, is interpolated and divided wherein k=4. thus
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matrix A is a 10x8 matrix. In the case when each element of
matrix A is expressed by Axy (x=1. 2, ..., (k+1)N: y=1,
kN). Q shown in FIG. 12(A) consists of n=1, i=4,
m=2 and j=3. thereby producing A47. In addition. in the
same manner. Q shown in FIG. 12(B) consists of n=2, i=3,
m=1 and j=2. thereby producing A82; Q shown in FIG.
12(C) consists of n=1. i=3, m=1 and j=4, thereby producing
A34: and Q shown in FIG. 12(D) consists of n=2, i=2, m=2
and j=4, thereby producing A78.

The aforementioned matrix A is calculated in the exact
same manner with regard to a character written with one
stroke. For example, as shown in FIG. 13, when the letter
“C” is entered, k=4 and N=1, thus matrix A is a 5x4 matrix.
In addition. Q shown in FIG. 13 consists of n=1, i=5, m=1
and =2, thereby producing AS2.

After the completion of the processes of the aforemen-
tioned steps 301-304. comparison with each template is
performed (step 305) [the comparison of the input character
with each template will be explained below]. The compari-
son is conducted until all templates have been compared.
When all templates have been compared, the character
corresponding to the template with the smallest distance H
between the input character from the matrix is outputted as
the recognition result (steps 306 and 307).

In the following, the flow of the comparison of the input
character with each template in step 385 of FIG. 6 will be
explained according to FIG. 7.

However, before proceeding to this explanation, an
example of a template shown in FIG. 14 will first be
described. With regard to the template “G” shown in the

aforementioned figure, the coordinates of the points forming
each stroke are registered as a three-stroke character pos-

sessing the stroke order information shown in FIGS. 15 and
16. The first stroke order information (FIG. 15) comprises

the stroke order of 1. 2. 3 in which the letter “G” is written.
In this case, it is possible to continuously write the strokes

coming before and after the intervals between strokes 1 and
2. and strokes 2 and 3. thus the minimal number of strokes

is designated as “1”. The second stroke order information
(FIG. 16) comprises the stroke order of 1, 3, 2 in which the
letter “G” is written. It is possible to continuously write the
strokes coming before and after the interval between strokes
1 and 2. thus the minimal number of strokes, in this case, 1s
designated as “2".

In the flowchart of FIG. 7. the number of strokes when the
characters of the templates to be compared are written in
square (printed) style is M. After comparing N and M (step
401). in the case when N=M is not satisfied, the distance H
from the matrix of this template and the input character
results in H=co (step 402). In the case when N=M is
satisfied, the distance G from the vector of this template and
the input character is calculated (step 403) [the method for
calculating distance G will be explained in detailed below].

Subsequently, this distance G is compared with a preset
threshold value (step 404). and in the case when distance G
exceeds this preset threshold value, the distance H from the
matrix of the aforementioned template and the input char-
acter results in H=co (step 402). In the case when the
aforementioned distance does not exceed the preset thresh-
old value. the distance between matrix A', formed from the
above template, and matrix A is calculated (step 405). and
this calculated distance is designated as distance H from the
matrix of the above template and the input character [the
method for calculating distance H will be explained in
detailed below]. The procedure moves to step 306 of FIG. 6
after obtaining distance H.

In the following. the flow of the calculation of distance G
from the vector of each template and the input character in
step 403 of FIG. 7 will be explained according to FIG. 8.
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The initial value of distance G from a vector is set to G=oo
(step 501). Each template possesses at least one of the
aforementioned stroke order information, and a comparison
between the stroke order of the inputted character and the
stroke order of a template is performed for each stroke order
information. In addition. the minimum number of strokes of
the stroke order information to be compared is designated as
M'. and compared with the number of strokes N of the
inputted character (step 502). The result of this comparison
is determined (step 503). and in the case when N=M' is not
satisfied, the comparison with the subsequent stroke order is
performed (step 504). In the case when N=M' is satisfied, all
possible combinations Q for selecting N-M' connection
positions from M—M' connection positions are calculated
(step 505), and the stroke point coordinates of the template
are distributed into N number of strokes based on the stroke
order to be compared and connection position Q (step 506).

Vector a' of the template is then calculated in response 10
the N strokes formed above according to the same method
as in the calculation of vector a in step 304 of FIG. 6. In
other words, the coordinates of the points forming each
stroke of the template are subjected to broken line interpo-
lation (step 507). the interpolated broken line is equally
divided (step 508). and vector a' is calculated (step 509). The
absolute values of the differences between the components
of vector a and vector a' are then summed to produce
distance g (step 510). g and G are then compared (step S11),
and when g>G. a decision is made as to whether or not a
subsequent combination of connection points exists (step
513). In addition. in the case when g<G. G=g is designated.
and the stroke order P and combination of connection
positions Q are recorded as Pmin and Qmin. respectively
(step 512). Following this. a decision is made as to whether
or not a subsequent combination of connection points exists
(step 513). In the case when a subsequent combination of
connection points exists, the process returns to step S05 and
the aforementioned procedure is repeated. In the case when
a subsequent combination of connection points does not
exist, the process moves to step 504 where a comparison
with the subsequent stroke order information is performed.
When the subsequent stroke order information has been
compared, the process moves to step 404 of FIG. 7.

In the following, the flow of the calculation of distance H
from the matrix of each template and the input character in
step 408 of FIG. 7 will be explained according to FIG. 9.

Initially, the points forming each stroke of the template is
distributed into N strokes based on stroke order Pmin and
combination of conmection positions Qmin (step 601).
Matrix A' is the n calculated (step 6062—-604) with respect to
the N strokes formed above in the same manner as in the
calculation of matrix A in step 304 of FIG. 6. Calculation of
1-cos(2—£2") for the difference Q—-Q' between each respec-
tive component of matrix A and A’ are performed, and the
overall sum of this calculation with regard to all components
is designated as distance H from the matrix (step 605). After
distance His obtained according to the aforementioned. the
process proceeds to step 306 of FIG. 6.

The procedure of template comparison shown in FIG. 6
will now be concretely explained using. as an example. the
case when handwritten input of the letter “G” is performed
using two strokes (N=2) as shown in FIG. 17.

The three examples of the stroke order and combination
of connection positions when writing the letter *“G” using
two strokes are shown in FIGS. 18(A)—~(C). In FIGS. 18(A)
—~(C). strokes each of which is handwritten in a single stroke
are expressed by a solid line. Vector a' and the distance G
from this vector are calculated with respect to each example
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of FIGS. 18(A)~C). These results show that the stroke order
and combination of connection positions of FIG. 18(B)
provide for the smallest distance. The points forming each
stroke of the template is then distributed into two strokes
based on the aforementioned stroke order and combination
of connection positions. In other words, the points of the first
stroke of the template are distributed into the first stroke, and
the points of the second and the third strokes are distributed
into the second stroke. A matrix and distance H from this
matrix are then calculated according to the aforementioned
method with respect to the two strokes formed above.

As described above, at least one stroke order information
is contained in one template. Consequently, even characters
written in running style can be processed using only one
template, and thus it is possible to reduce the recognition
time, as well as the quantity of templates required for
comparison with the inputted character.

What is claimed is:

1. A method for recognizing a handwritten input character
by comparing said handwritten input character with a plu-
rality of templates corresponding to a plurality of various
types of characters based on time series information of
points characterizing each stroke of said handwritten input
character formed from at least one stroke, said handwritten
character recognition method comprising the steps of:

expressing time series information of said points charac-
terizing each stroke as coordinate points in a coordinate
system;

calculating, with regard to a plurality of coordinate points
within said coordinate system corresponding to a plu-
rality of points characterizing a stroke of said hand-
written input character, the relative angles formed by
two straight lines formed by means of connecting a
coordinate point, used as a reference, characterizing
one stroke to two neighboring coordinate points from
either a plurality of other coordinate points character-
izing the same stroke as this reference coordinate point
or a plurality of coordinate points characterizing
another stroke, with regard to two neighboring coordi-
nates of all of either of a plurality of other coordinate
points characterizing the same said stroke or a plurality
of coordinate points characterizing another stroke;

respectively calculating an angle the same as said relative
angle using each coordinate point as a reference, with
regard to all other coordinate points characterizing the
same said stroke as said reference coordinate point of
said handwritten input character or all of a phurality of
coordinate points characterizing another stroke;

expressing a shape of said handwritten input character by
means of a matrix consisting of elements comprising a
quantity relating to each of said relative angles calcu-
lated with regard to said handwritten input character;

calculating, with regard to a plurality of coordinate points
within said coordinate system corresponding to a plu-
rality of points characterizing a stroke of each template,
the relative angles formed by two straight lines formed
by means of connecting a coordinate point, used as a
reference, characterizing one stroke to each of two
neighboring coordinate points of either other coordi-
nate points characterizing the same stroke as this ref-
erence coordinate point or a plurality of coordinate
points characterizing another stroke, with regard to all
pairs of neighboring coordinate points of either a
plurality of other coordinate points characterizing the
same said stroke or a plurality of coordinate points

characterizing another stroke;
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respectively calculating an angle the same as said relative
angle using each coordinate point as a reference with
regard to all other coordinate points characterizing the
same said stroke as said reference coordinate point of
said template or all of a plurality of coordinate points
characterizing another stroke;

expressing a shape of each of said templates by means of
a matrix consisting of elements comprising a quantity
relating to each of said relative angles calculated with
regard to said template;

calculating a distance between said handwritten input
character and each of said plurality of templates using
said matrix expressing a shape for said handwritten
input character, and said matrix expressing a shape for
each template; and

designating a character corresponding to a template
selected based on said distance as a recognition result
of said handwritten input character.

2. A method according to claim 1 wherein said time series
information of points is a horizontal direction component
and a vertical direction component of a velocity vector of a
moving pen tip occurring at each time during a pen move-
ment during handwritten input, and said coordinate system
regards said horizontal direction component and said verti-
cal direction component of said velocity vector of said
moving pen tip as coordinate values of a horizontal axis and
a vertical axis, respectively.

3. A method for recognizing a handwritten input character
by comparing said handwritten input character with a plu-
rality of templates corresponding to a plurality of various
types of characters based on time series information of
points characterizing each stroke of said handwritten input
character formed from at least one stroke, said handwritten
character recognition method comprising the steps of:

expressing time series information of a pen movement,
which is a horizontal direction component and a ver-
tical direction component of an acceleration vector of
said pen movement occurring at each time during pen
movement when inputting a handwritten character, as
coordinate points in an acceleration coordinate system
in which the coordinate values of a horizontal axis and
a vertical axis are a horizontal direction component and
a vertical direction component of a pen movement
acceleration vector;

calculating, with regard to a plurality of coordinate points
within said coordinate system corresponding to a plu-
rality of points characterizing a stroke of said hand-
written input character, the relative angles formed by
two straight lines formed by means of connecting a
coordinate point, used as a reference, characterizing
one stroke to two neighboring coordinate points from
either a plurality of other coordinate points character-
izing the same stroke as this reference coordinate point
or a plurality of coordinate points characterizing
another stroke, with regard to two neighboring coordi-
nates of all of either of a plurality of other coordinate
points characterizing the same said stroke or a plurality
of coordinate points characterizing another stroke;

respectively calculating an angle the same as said relative
angle using each coordinate point as a reference. with
regard to all other coordinate points characterizing the
same said stroke as said reference coordinate point of
said handwritten input character or all of a plurality of
coordinate points characterizing another stroke;

expressing a shape of said handwritten input character by
means of a matrix consisting of elements comprising a
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quantity relating to each of said relative angles calcu-
lated with regard to said handwritten input character;

calculating, with regard to a plurality of coordinate points
within said coordinate system corresponding to a plu-
rality of points characterizing a stroke of each template,
the relative angles formed by two straight lines formed
by means of connecting a coordinate point, used as a
reference, characterizing one stroke to each of two
neighboring coordinate points of either other coordi-
nate points characterizing the same stroke as this ref-
erence coordinate point or a plurality of coordinate
points characterizing another stroke, with regard to all
pairs of neighboring coordinate points of cither a
plurality of other coordinate points characterizing the
same said stroke or a plurality of coordinate points
characterizing another stroke;

respectively calculating an angle the same as said relative
angle using each coordinate point as a reference with
regard to all other coordinate points characterizing the
same said stroke as said reference coordinate point of
said template or all of a plurality of coordinate points
characterizing another stroke;

expressing a shape of each of said templates by means of
a matrix consisting of elements comprising a quantity
relating to each of said relative angles calculated with
regard to said template;

calculating a distance between said handwritten input
character and each of said plurality of templates using
said matrix expressing a shape for said handwritten
input character, and said matrix expressing a shape for
each template; and

designating a character corresponding to a template
selected based on said distance as a recognition result
of said handwritten input character.

4. A method according to claim 1, wherein said time series
information of points characterizing each stroke represents
displacement of the pen tip moving along each stroke; and
said coordinate system is a displacement coordinate system.

5. A method according to claim 4. wherein at least one
stroke order when said character is written in printed form;
connection position where a stroke and its preceding stroke
are continuously written when said character is written in
running style using each stroke order; and stroke order
information of a character formed from a minimum number
of strokes when said character is written in running style
using each stroke order, are included as structural eiements
of said template.

6. A method according to claim 4, wherein intervals
between neighboring points in said displacement coordinate
system are connected by straight lines, and interpolated by
means of broken line interpolation; said broken lines resem-
bling each stroke are divided into k broken lines (k=1)
based on predetermined conditions; and an angle formed by
means of a straight line connecting division point An, I (I=1.
k+1) of an nth stroke and division point Am, j (3=1.
2.....k) of an mth stroke, and a straight line connecting
said division point An, I and division point Am, h (h=1.
2. ....k; wherein hsd) is designated as said relative angle.

7. A method according to claim 6. wherein intervals
between neighboring points in said displacement coordinate
system are connected by straight lines, and interpolated by
means of broken line interpolation; said broken lines resem-
bling each stroke are equally divided into k broken lines
(k21); and an angle formed by means of a straight line
connecting division point An, I (I=1, 2, .. .. k+1) of an nth
stroke and division point Am, j (j=1, 2.. ... k) of an mth
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stroke. and a straight line connecting said division point An,
I and division point Am, +1 (3=1. 2. . . ., k) is designated

as said relative angle.

8. A method according to claim 7, wherein a character,
number of strokes of said character when written in printed
form, and coordinates of points in said displacement coor-
dinate system of each stroke of said character when written
in printed form are registered as structural elements of a
template of said character.

9. A method according to claim 8. further comprising the
steps of:

expressing the relationship of stroke length forming said
handwritten input character by means of a vector
comprising distance between an end point of a stroke
and starting point of a stroke subsequent to said stroke,
and length of each stroke, as essential components,

expressing the relationship of stroke length forming said
template by means of a vector comprising distance
between an end point of a stroke and starting point of
a stroke subsequent to said stroke of a character formed
by continuously writing neighboring strokes at several
connection positions using each stroke order contained
in said template, in a manner such that a character of
said template and said handwritten input character
possess the same number of strokes, and length of each

stroke of said formed character, as essential compo-
nents;

calculating a distance between said vectors for each stroke
order and combination of connection positions;

distributing points in said displacement coordinate system
of said template according to said stroke order and
connection points providing for a minimum distance;
and

calculating said relative angle.

10. A method according to claim 2. wherein all points in
said velocity coordinate system are connected by straight
lines, and interpolated by means of broken line interpola-
tion; said broken lines resembling each stroke are divided
into k broken lines (k=1) based on predetermined condi-
tions; and an angle formed by means of a straight line
connecting division point An, I (I=1, 2, . .., k+1) of an nth
stroke and division point Am, j (j=1. 2. ..., k) of an mth
stroke, and a straight line connecting said division point An,
I and division point Am. h (h=1, 2, ..., k; wherein h#j) is
designated as said relative angle.

11. A method according to claim 10 wherein all points in
said velocity coordinate system are connected by straight
lines, and interpolated by means of broken line interpola-
tion; said broken lines resembling each stroke are equally
divided into k broken lines (k=1); and an angle formed by
means of a straight line connecting division point An, I (I=1.
2. ....k+1) of an nth stroke and division point Am, j (j=1.
k) of an mth stroke, and a straight line connecting
said division point An, I and division point Am, H1 (j=1.
k) is designated as said relative angle.

12. A method according to claim 11, wherein a character,
number of strokes of said character when written in printed
form, and coordinates of points in said velocity coordinate
system of each stroke of said character when written in
printed form are registered as structural elements of a
template of said character.

13. A method according to claim 11, wherein at least one
of the following is included as structural elements of said
template:

stroke order when said character is written in printed
form; connection position where a stroke and its pre-
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ceding stroke are continuously written when said char-

acter is written in running style using each stroke order;

and stroke order information of a character formed

from a minimum number of strokes when said charac-

ter is written in running style using each stroke order.

14. A method according to claim 11, further comprising
the steps of:

expressing the relationship of stroke length forming said
handwritten input character by means of a vector
comprising distance between an end point of a stroke
and a starting point of a stroke subsequent to said
stroke, and length of each stroke, as essential compo-

nents;

expressing the relationship of stroke length forming said
template by means of a vector comprising distance
between an end point of a stroke and a starting point of
a stroke subsequent to said stroke of a character formed
by continuously writing neighboring strokes at several
connection positions using each stroke order contained
in said template, in a manner such that a character of
said template and said handwritten input character
possess the same number of strokes, and length of each
stroke of said formed character, as essential compo-

nents;

calculating a distance between said vectors for each stroke
order and combination of connection positions;

distributing points of said velocity coordinate system of
said template according to said stroke order and con-
nection points providing for a minimum distance; and
calculating said relative angle.

15. A method according to claim 3, wherein all points in
said acceleration coordinate system are connected by
straight lines, and interpolated by means of broken line
interpolation; said broken lines resembling each stroke are
divided into k broken lines (k=1) based on predetermined
conditions; and an angle forrned by means of a straight line
connecting division point An, I (I=1, 2, ..., k+1) of an nth
stroke and division point Am, j (j=1, 2. . . . , k) to an mth
stroke, and a straight line connecting said division point An,
I and division point Am. h (h=1, 2, . . . k; wherein hj) is
designated as said relative angle.

16. A method according to claim 15, wherein all points in
said acceleration coordinate system are connected by
straight lines, and interpolated by means of broken line
interpolation; said broken lines resembling each stroke are
equally divided into k broken lines (k=1); and an angle
formed by means of a straight line connecting division point
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An, I(I=1, 2, ... . k+l1) of an nth stroke and division point
Am, j (=1, 2. . . . . k) of an mth stroke, and a straight line
connecting said division point An, I and division point Am,
j+1 (=1, 2. . . .. k) is designated as said relative angle.

17. A method according to claim 16, wherein a character,
number of strokes of said character when written in printed
form, and coordinates of points in said acceleration coordi-
nate system of each stroke of said character when written in
printed form are registered as structural elements of a
template of said character.

18. A method according to claim 16. wherein at least one
of the following are included as structural elements in said
template:

stroke order when said character is written in printed

form; connection position where a stroke and its pre-
ceding stroke are continuously written when said char-
acter is written in running style using each stroke order;
and stroke order information of a character formed
from a minimum number of strokes when said charac-
ter is written in running style using each stroke order.

19. A method according to claim 18, further comprising

the steps of:

expressing the relationship of stroke length forming said
handwritten input character by means of a vector
comprising distance between an end point of a stroke
and starting point of a stroke subsequent to said stroke,
and length of each stroke, as essential components;

expressing the relationship of stroke length forming said
template by means of a vector comprising distance
between an end point of a stroke and a starting point of
a stroke subsequent to said stroke of a character formed
by continuously writing neighboring strokes at several
connection positions using each stroke order contained
in said template, in a manner such that a character of
said template and said handwritten input character
possess the same number of strokes. and length of each
stroke of said formed character, as essential compo-
nents;

calculating a distance between said vectors for each stroke
order and combination of connection positions;

distributing points of said acceleration coordinate system
of said template according to said stroke order and
connection points providing for a minimum distance;
and

calculating said relative angle.
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